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Yuuichi INABA et al. : Confirmation Number: 6377 

Serial No.: 10/536,962 : Group Art Unit: 2812 

Filed: May 3 1 , 2005 : Examiner: To Be Assigned 

For: SOLID-STATE IMAGING DEVICE, MANUFACTURING METHOD OF 
SOLID-STATE IMAGING DEVICE, AND CAMERA USING THE SAME 

PETITION TO MAKE SPECIAL UNDER 37 C.F.R. §1.102(d) 

Mail Stop Petitions 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Applicant hereby petitions to make special the above-identified application in 

accordance with 37 CFR § 1 .102(d). Pursuant to M.P.E.P.§708.02(VIII), Applicant complies 
with each of the following items: 
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WDC99 116973M.067471.0074 



Application No.: 10/ 
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FEE 



Please charge Deposit Account 500417 the amount of $130.00 as set forth in 37 CFR 
§1.1 7(h) to cover the fee for the present Petition to Make Special. 

B. SINGLE INVENTION 

If the Office determines that all the claims presented are not obviously directed to a 
single invention, Applicants will make an election without traverse and hereby invites the 
Examiner to telephone the undersigned Applicants' representative for a telephone election. 

C. PRE-EXAMINATION SEARCH 

Applicants submit that a pre-examination search has been conducted in connection 
with earlier filed Japanese Application No. JP2004-8419, which was filed on January 15, 
2004 and PCT Application No. PCT/JP/2004/0 13700 filed on September 13, 2004. As 
indicated on the enclosed International Search Report, the field of search included 
International Classifications H01L 27/14 - 27/148 , G02B 5/20 - 5/28 and H04N 9/04 - 9/11. 
The following relevant references were cited in the International Search Report: 

1. Japanese Patent Publication No. S63-32362 B2 ("362") to Nakano assigned to 
Toshiba Corporation. 

2. Japanese Patent Publication No. S63-48234 B2 ("234") to Nishizawa assigned to 
Semiconductor Research Foundation. 

3. Japanese Utility Model Application No. S58-9992 (Unexamined Japanese Utility 
Model Application publication No. S59-116907) on microfilm ("992") to Okazaki 
assigned to Dai Nippon Printing Co., Ltd. 

4. Japanese Patent Application Publication No. JP 60-134201 A ("201") to Hashimoto 
assigned to Dai Nippon Printing Co., Ltd. 

5. Japanese Patent Application Publication No. JP 1-133001 A ("001") to Akino 
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assigned to Canon Inc. 

6. Japanese Patent Application Publication No. JP9-275198 A ("198") to Kitamura 
assigned to Toppan Printing Co., Ltd. 

7. Japanese Patent Application Publication No. JP 3-38063 A ("063") to Fujita assigned 
to Dai Nippon Printing Co., Ltd. 

8. Japanese Patent Application Publication No. JP 2000-196053 A ("053") to Ri 
assigned to Hynix Semiconductor Inc. 

9. Japanese Patent Publication No. JP 3452828 B2 ("828") to Yoshigami assigned to 
Matsushita Electric Industrial Co., Ltd. 



D. COPY OF THE REFERENCES 

Copies of the foregoing references are enclosed herewith. In addition, it is noted 
that all of the foregoing references have been cited in an Information Disclosure Statement 
previously filed in the above identified application. 



E. DETAILED DISCUSSION 



Present Invention 

Applicants submit concurrently herewith a Second Preliminary Amendment which 
clarifies the intended subject matter of the present invention. 

The present invention, as recited by the amended claims, relates to a solid-state 
imaging device including a first filter unit having a first bandpass wavelength, the first filter 
unit including a upper A/4 multilayer film, a first insulation film and a lower A/4 multilayer 
film, and a second filter unit having a second bandpass wavelength different from the first 
bandpass wavelength, the second filter unit including a second upper A/4 multilayer film, a 
second insulation film and a second lower A/4 multilayer film. Importantly, the first 
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insulation layer and the second insulation layer are different in optical thicknesses, each of 
which is determined by a bandpass wavelength of the incoming light selectively. Also, the 
upper X/4 multilayer film and the lower X/4 multilayer film of the first filter unit and the 
second filter unit have substantially the same central wavelengths X. 

As recited by pending claim 28, the present invention as illustrated, for example in 
Figs. 3-4, relates to a solid-state imaging device comprising: 

a first filter unit having a first bandpass wavelength, 

the first filter unit including a first upper X/4 multilayer film, a first lower X/4 
multilayer film, and a first insulation film sandwiched between the first upper X/4 multilayer 
film and the first lower X/4 multilayer film, 

a second filter unit having a second bandpass wavelength different from the first 
bandpass wavelength, 

the second filter unit including a second upper X/4 multilayer film, a second lower 
X/4 multilayer film, and a second insulation film sandwiched between the second upper X/4 
multilayer film and the second lower X/4 multilayer film, 

wherein the optical thickness of the first insulation layer is different from the one of 
the second insulation layer, and 

the upper X/4 multilayer film and the lower X/4 multilayer film of a first filter unit 
and the second filter unit have substantially the same center wavelength. 

As a result of the structure of the present invention, which utilizes a plurality of filter 
units, it is possible to realize a smaller color filter to separate incoming light selectively, 
which only include the upper X/4 multilayer film and the lower X/4 multilayer film and the 
insulation layer formed of various optical thicknesses. Such a structure results in a 
reduction in the degradation of the color separation function caused by oblique light. 

It is noted that previously presented Claims 4 - 7, 15 - 17, and 25 are indicated to be 
allowable in the international search report. It is also noted that Claims 4-7 have been 
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amended into independent form including the limitations of Claim 1, which has been 
canceled. 

F. COMPARISON OF PRIOR ART AND PRESENT INVENTION 

JP 63-32362 B2 ("362 ") to Nakano 

Nakano discloses an inorganic stripe filter realized by making use of spectral 
characteristics of a multilayer film made up by high and low refractive index layers that 
alternate with each other. Here, the multilayer film can form a short wave pass filter and a 
long wave pass filter, by shifting the center wavelength Ao. (See, e.g., page 5, lines 2-18.) 

Nakano discloses the use of multilayer films. However, Nakano states that a short 
wave pass filter, blue, and a long wave pass filter, red, can be formed by the multilayer films 
by shifting the center wavelength Xo. 

By contrast, claim 28 of the present invention recites that each A/4 multilayer film of 
a first filter unit and a second filter unit has the same center wavelength Xo. Therefore, the 
multilayer film of claim 28 is different from the multilayer film of Nakano. 

In addition, Nakano does not disclose an insulation film sandwiched between the 
upper A/4 multilayer film and the lower A/4 multilayer film, whose optical thickness is 
different for each of the filter units, as recited in independent claims 4-7 and 28. 

Nakano also fails to disclose forming a second insulation layer having an optical 
thickness that is different than the first insulation layer, as recited in independent claims 10 - 
14. Thus, the method of this invention brings the advantage the realization of color 
separation easily. 
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JP 63-48234 B2 C'234 ") to Nishizawa 

Nishizawa discloses that the semiconductor material forming an imaging device is 
silicon, and the dielectric materials forming multilayer film filters provided on pixels are 
silicon oxide and silicon nitride. (See, e.g., page 3, line 24 - page 4, line 1.) Nishizawa 
further asserts that to achieve color separation into three colors, filters that each reflect a 
particular color can be utilized. Furthermore, bandpass filters that each transmit a particular 
color may be used. Bandpass filters of three primary colors can be obtained according to a 
variety of methods. For example, a Fabry-Perot type bandpass filter that has a problem about 
the transmission bandwidth can be used. In this case, the bandpass filters are configured to 
have multi-cavity design in order to widen the transmission bandwidth. (See, e.g., page 6, line 
14 - page 7, line 2.) 

However, Nishizawa does not disclose the feature of an upper A/4 multilayer film 
and a A/4 lower multilayer film of a first filter unit and a second filter unit having the same 
center wavelength Ao. Also, Nishizawa does not disclose a second insulation layer having an 
optical thickness that is different from a first insulation layer. 



JP 59-116907 ("907") to Okazaki 

Okazaki discloses that a color separation filter includes a first color filter and a 
second color filter formed on a supporting member. The first color filter is a patterned 
multilayer interference film that is formed by alternately layering dielectric high and low 
refractive index layers which respectively have predetermined thicknesses, and a total 
number of the layered high and low refractive index layers is five or larger. (See, e.g., page 1, 
line 1 3 - page 1 , line 20). 

However, as described above in relation to Nakano and Nishizawa, Okazaki does not 
disclose the feature of an upper A/4 multilayer film and a A/4 lower multilayer film of a first 
filter unit and a second filter unit having the same center wavelength Ao or a second insulation 
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layer having an optical thickness that is different from a first insulation layer. 
JP 60-1 34201 A ("201 ") to Hashimoto 

Hashimoto discloses that multilayer interference films are normally made of an 
inorganic material, and therefore have advantages of high resistance against heat, light, 
chemical products, and washing. However, the multilayer interference films have 
disadvantages such as low flexibility in selecting the spectral characteristics of the color 
separation filters, complicated manufacturing process, and high manufacturing costs. (See, 
e.g., page 4, line 10-16.) 

Hashimoto does not disclose the feature of an upper A/4 multilayer film and a A/4 
lower multilayer film of a first filter unit and a second filter unit having the same center 
wavelength Ao or a second insulation layer having an optical thickness that is different from a 
first insulation layer. 

JP 1-133001 A rOOl n to Akino 

Akino discloses a manufacturing method of a color separation filter formed by 
arranging multilayer interference film filters of a plurality of types, characterized in that a 
step of forming a multilayer interference film, and then removing an unnecessary portion of 
the formed multilayer interference film is performed for multilayer interference films of a 
plurality of types. (See, e.g., page 1, line 15 - line 21.) 

However, Akino does not disclose the feature of an upper A/4 multilayer film and a 
A/4 lower multilayer film of a first filter unit and a second filter unit having the same center 
wavelength Ao or a second insulation layer having an optical thickness that is different from a 
first insulation layer. 
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JP 9-275198 A ("198 ") to Kitamura 

Kitamura discloses a lift-off method, wherein a portion of the infrared cut filter, 
which is a stack of a plurality of layers, is removed together with the resist to leave a 
necessary portion of the infrared cut filter (See, e.g., paragraphs [008], [009].) 

Kitamura does not disclose the feature of an upper X/4 multilayer film and a X/4 
lower multilayer film of a first filter unit and a second filter unit having the same center 
wavelength Xo or a second insulation layer having an optical thickness that is different from a 
first insulation layer. 



JP 3-38063 A ("063 ") to Fuiita 

Fujita discloses a color solid-state imaging device including a color separation filter 
formed by a multilayer interference film made of a dielectric material. In this color solid-state 
imaging device, a passivation film is provided on the multilayer interference film. (See, e.g., 
page 5, line 2 - 14.) 

Fujita does not disclose the feature of an upper X/4 multilayer film and a X/4 lower 
multilayer film of a first filter unit and a second filter unit having the same center wavelength 
Xo or a second insulation layer having an optical thickness that is different from a first 
insulation layer. 

JP 2000-1 96053 A ("053 ") to Ri 

Ri discloses an image sensor having a color filter array therein, and this image 
sensor has a protection film including a nitride film therein. (See, e.g., paragraph [0014].) 
However, Ri does not disclose the feature of an upper X/4 multilayer film and a X/4 lower 
multilayer film of a first filter unit and a second filter unit having the same center wavelength 
Xo or a second insulation layer having an optical thickness that is different from a first 
insulation layer. 



WDC99 1169731-1.067471.0074 



-8- 



Application No.: 10/^W,962 



JP 3452828 f"828") to Yoshizami 

Yoshigami discloses a solid-state imaging device including a color filter layer, and 
this solid-state imaging device has a protection film including a silicon nitride film. (See, 
e.g., paragraph [0027].) However, Yoshigami does not disclose the feature of an upper A-/4 
multilayer film and a A/4 lower multilayer film of a first filter unit and a second filter unit 
having the same center wavelength Aoor a second insulation layer having an optical thickness 
that is different from a first insulation layer. 

G. CONCLUSION 

In view of the above, it is urged that the petition to make special is in proper form, 
and an indication of grant is respectfully solicited. 

To the extent necessary, a petition for an extension of time under 37 C.F.R. §1.136 is 
hereby made. Please charge any shortage in fees due in connection with the filing of this 
paper, including extension of time fees, to Deposit Account 500417 and please credit any 
excess fees to such deposit account. 



600 13 th Street, N.W. 
Washington, DC 20005-3096 
(202) 756-8000 MEF/DAB/aph 
Facsimile: (202) 756-8087 
Date: April 6, 2006 



Respectfully submitted, 
MCDERMOTT^WlLL & EMERY LLP 




MichaeL 

Registration N6. 36,139 
Pleasfe reptfgnize our Customer No. 20277 
As our correspondence address. 
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Abstract of JP571 00404 

PURPOSETo decrease the number of layers 
of a green pass filter having the heat 
resistance, by putting >=2 spacer layers 
between a high refractive index layer and a 
low refractive index layer that form an 
interference filter. CONSTITUTIONS 
titanium dioxide T is used as a high refractive 
index material, and the optical film thickness is 
regulated to lambdaO/4 and Iambda0=530nm. 
The silicon dioxide S is used for a low 
refractive index material with the lambda4/4 
optial film thickness. For instance, an overcoat 
layer 3 of silicon dioxide is formed on a green 
pass filter to prevent a big change of the 
spectral characteristics. With increase of the 
number of spacer layers, only the reflection 
factor of a reflective band increases with 
virtually no change of the band width. When 
the adverse etching method is used, the 
structure of the film used when a green pass 
filter is formed in directly turned into a stripe 
green pass filter. 
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Abstract of JP55027778 

PURPOSE:To realize the 3-color separation 
with a simple electric process by providing the 
optical filter on each photo sensor to give 
reflection or transmission to the light of the 
specified color. CONSTITUTION:Picture 
elements B1-B3, G1-G3 and R1-R3 are 
formed within the semiconductor chip, and 
each picture element features the unipolar 
transistor type structure. Then n<+>-type 
region 2 and n<->-type region 3 are formed on 
P-type substrate 1, along with p<+>-type 
control region 4 and n<+>-type electrode 
region 5 formed within region 3. And ohmic 
electrode 5' and insulator electrode 4' are 
formed on regions 5 and 4 respectively, along 
with high reflective multi-layer film filter 6 
containing reflection preventing film 7 is 
formed on the surface excepting the electrode 
formation area. When the light outside the 
reflection region enters from the upper surface, 
the potential of region 4 varies to control the 
main current. Then the signal sum is obtained 
from each of picture elements B, G and R, and 
the signal from each picture element receives 
the subtraction to obtain signals B, G and R 
each. The similar processing is given on the 
picture surface to ensure the color pickup. 
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Abstract of JP601 34201 

PURPOSE:To eliminate level difference at the 
overlapping parts of both patterns by forming a 
multilayer interference film on the recesses 
patternwise formed on a base up to a plane 
similar in level to the surface of the base, and 
forming a colored image patternwise on them. 
CONSTITUTIONS resist pattern is formed on 
a base 2 of glass, resin, or the like, and its 
opening parts are etched to form recesses 3 
patternwise, and on these recesses 3, plural 
layers of a high refractive index substance 4, 
such as Ti02 or Ce02, and plural layers of a 
low refractive index substance 5, such as Si02 
or CaF2, are alternately laminated up to a 
plane similar in level to the surface of the base 
2 to form a multilayer interference film 6. A 
colored image 7 is patternwise formed on the 
surfaces of the base 2 and the films 6. This 
image 7 is formed by forming a transparent 
photosensitive resin on the base 2, etc., 
patternwise exposing it, developing and dyeing 
it and doing so. When needed, a protective 
layer 8 made of acrylic resin or the like may be 
formed as the uppermost layer. 
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Abstract of JP1 133001 
PURPOSETo improve accuracy and to 
reduce cost by subjecting plural kinds of multi- 
layered interference films repeatedly to a stage 
for forming an arbitrary kind of multi-layered 
interference film, then removing the multi- 
layered interference films except the 
necessary parts which are made to remain. 
CONSTITUTION.The 1st kind of multi-layered 
interference film 2 is formed on a solid-state 
image pickup element 1 and a resist 3 is 
coated thereon; thereafter, the resist 3 is 
patterned to leave only the desired parts. 
Multi-layered interference films 2a are then 
etched with the resist 3 as a mask in such a 
manner that only the desired parts thereof 
remain. The resist 3 is removed to form a 
multi-layered interference film filter 2a, 
following which an intermediate protective 
layer 4 is formed. This stage is repeated with 
the 2nd and 3rd kinds of multi-layered 
interference films to form multi-layered 
interference film filters 2a-2c in the respective 
positions. The entire part is coated with a 
protective film 5 to complete the color sepn. 
filter. Accuracy is thereby improved and cost is 
reduced. 



<aj 



IF) 



(6) 





Data supplied from the esp@cenet database - Worldwide 




® a * s # » /r (j p) ©ftfttam'AM 
■ '» & IB ft lf & « (A) 3jz-| -133001 

®lnt.Cl.« KSUffi# rmi»* TOU^C 1989)5*258 

2 8? P JS#S 1 0 1 7348- 2H 

u Si h 2 V,l\ D-8122-5F 

9/04 A-8725-5C ^ggjt gggg 1 (£3g) 

©4$ IP BS62- 289464 

m P362(1987)11^18B 

m m m « U £ «^SS±fflETA : F3TB30#2^ * + /xt^£*tfi 

@ffi SB A ^«B^fflETA?3Ta30»2# 
®ft S A #3:fc UiT 



m m . 

IS * urn 

3 . & w <» & m z&m 



^ to 6 fi t ^ j , 

Iff T * 4 . 

«ft«ffl<0*»*#H:7 ft flB,9IL 



i 



t * # m 1 t * . 

Cttffi j 

« /u*-etttt < , *S?#Hfl74 

t J 4 ♦ 

UT. *a*P>3&J***Bffi*#l5 1***6 It 
(0) ) . 

#2BJ(A) -(E) tt, 2S«ft ^* 

CHHCB) ) . 

#K2*#*lci"ib(c) > . » 0 x t» .3 1 ** 
* (Pita en) ) . 

fttt.c£tt*»*H s r« o -c£fc + a (PI 
0(E) ) . 

»3H(A) -co <±. -tn^niE^o^P^K 



».IHT1-133001 (2) 

mi 0(A) -(C) tt. *55Wt * 6&^tt7 < 

xfi ta tj *> & . 

iO>±K. \y *J * \ 3 fcgj** * Cim H CB) ) . 

» cr> h * & u C PI B (O > . tout;^3t^ 

CAKil.rjt, ##fca#S>£JS=F#K 2 a 
(0 * 4 8 C L C PS 12 CD) ) . . l** ? X > 3 t ft * L •. 
T £ » * # « 7 < A/ * 2 atlfdltfi (WH 

(b) ) . ttn-c. 4>rai«a»4 craa 

(F) ) . 

& 7 < * * 2 a , e b«J:Cf £ etVAtfi. * 

K74***#ifcLTBfcffl0^*i±Kteya 
«« < > ttA^4X^>4* 

«7<;u*i&aii&;&£l±. »J9f»^HR»c 
"»*t * t » 7 Xg*tt U i£*Klt rfefrflt 7 < 

^Hf fg t * 

miK(A) -(C) it.. **89ifcJ: ^ 
X fi B . 

»20(A) -(E) <i> **BIJI<?>& 2 Xifitt *B 

w w *i ^ » a x e a . 
»3H(a) ~(o ti. ^n^n±E^»^^jg| 



HBT1-133001 (3) 



1 • • • 

2 • • * 

2a, 2 b 2c • ♦ «*$ ; F&1H7<^# 

3 • • • i/tfx f 

4 • • • *f»«a m 

5 ♦ • • 1R£J-} 



ft«A Oj T « ¥ 



Sg i ■ 



(A) 



<8) 



y 



(C) 



(O) 



20 



IE) 
So 



i — rHv 



if) 

2a 4 

L_ 




m 2 m 

(A) 



fBJ 



3 



(C) 2 



2a 



(E) 

2 a ^ 2b 2 c 
/ II ^£±L 



3- 



(AJ 




soo eoo 7oo 



100% 



(B) 




400 900 60O 700 



toon 



(C) 




400 000 600 700 



-3- 



'esp@cenet document view, 1/1 ^ — v 



SOLID STATE IMAGE SENSING ELEMENT HAVING INFRARED CUTTING FILTEI 



Patent number: 
Publication date: 
Inventor: 

Applicant: 

Classification: 
- International: 



JP9275198 
1997-10-21 

KITAMURA TOMOHITO; MASUTOMI OSAMU; UCHIDA 
MASANOBU 

TOPPAN PRINTING CO LTD 



H01L27/14; G02B5/28; H04N9/07; C23F4/00 
- european: 

Application number: JP19960082876 19960404 
Priority number(s): JP1 9960082876 19960404 



Report a data error here 

Abstract of JP9275198 



PROBLEM TO BE SOLVED: To integrally form 
with a sensor part an infrared shielding body 
which is combined with the sensor part of a 
solid state sensing element, by forming an 
infrared cutting filter by means of vapor 
depositor process, only on the sensitive parts 
to specific colors in a sensor part. SOLUTION: 
In a solid state image sensing element 1 , 
green-sensitive parts 3, red-sensitive parts 4 
and bluesensitive parts 5 are formed in a 
specified arrangement on a substrate 2, and a 
sensor part 7 is formed by installing a specified 
patterned mask 2. Heat resistant resist 8 is 
formed to the solid state image sensing 
element 1 , and baking process is performed. 
Resist patterning for eliminating the heat 
resistant resist in the parts corresponding to 
the green- sensitive parts 3 and the blue- 
sensitive parts 5 is performed. To the sensor 
part 7 wherein the residual part is covered with 
the heat resistant resist 8, an infrared cutting 
filter 10 wherein layers are laminated by a low 
temperature ion assist method is formed. As a 
result, a solid state image sensing element 1 
wherein infrared cutting films 10 are formed in 
the green-sensitive parts 3 and the blue- 
sensitive parts 5 of the sensor part 7 can be 
obtained. 
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Abstract of JP3038063 

PURPOS&To enable the even color 
properties and aperture ratio to be obtained by 
a method wherein a direct color separating 
filters are provided on a non- rugged flat layer 
detecting any image pick-up light to be 
photoelectric converted. 
CONSTITUTION :n<+> ions such as B<+> 
etc., are diffused in a specified part on a p type 
silicon substrate 1 1 to form a charge output 
part 12, etc., and then multilayered 
interference films 14, 14* having direct 
spectroscopic properties are formed on the 
substrate 11 detecting any image pick-up light 
to be photoelec trie converted. Next, 
transparent electrode layers 13 are formed 
between the multilayered interference films 14, 
14' while an aluminum glare protective layer 
15, an electrode layer and a passivation film 
16 are formed on the multilayered interference 
film 14. Through these procedures, the direct 
color separating filters 14, 14* are formed on 
the ion diffused flat substrate 1 1 so that the 
even color properties and aperture ratio may 
be obtained. 
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Abstract of JP20001 96053 

PROBLEM TO BE SOLVED: To materialize 
manufacturing of an image sensor, which 
improve the reliability in manufacturing. 
SOLUTION: This manufacturing includes a 
first step of forming protective films 6 and 7 on 
a substrate 1 where a light-receiving element 
is made, a second step of applying the first 
resist for flattening on the protective films 6 
and 7 and exposing and developing the first 
photoresist 10, so that the protective films 6 
and 7 are exposed, a third step of forming a 
color filter array 8 on the first photoresist 10, a 
fourth step of applying a second photoresist 12 
for flattening on the substrate, where the third 
step is completed and exposing and 
developing the protective films 6 and 7 so that 
the protective films 6 and 7 in a pad open 
region are exposed, a fifth step of forming a 
pad open part by etching the exposed 
protective films 6 and 7, and a sixth step of 
forming a microlens 9 on the second 
photoresist 12. 
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Abstract of JP2000252451 
PROBLEM TO BE SOLVED: To provide a 
solid-state imaging device wherein the 
reflection of incident light from a protective film 
formed to suppress a dark current, etc., is 
suppressed. SOLUTION: A multi-layer film 



wherein a silicon nitride film 5 which is formed 
by plasma chemical vapor-phase method in an 
atmosphere comprising hydrogen-contained 
gas molecules and silicon nitride-oxide films 4 
and 6 having a refractive index lower than the 
silicon nitride film are laminated is formed as a 
protective film 20 for supplying a silicon 
substrate with hydrogen. Related to the 
protective film 20, its refractive index is 
preferred to continuously change in film- 
thickness direction. 
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